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SI Appendix, Method S1. TILLING Mutants Screening
A mutagenized population of 1,153 lines of TDF treated with 0.9% EMS was screened with three different set of primers using a CelI assay described before (1) . The first set of PCR primers (TILL-5DS-F1 and TILL-A-DS-R10, Table S8 ) included the VRN-D4 specific SNP A367C, and amplified a region from exon 4 to 8 only from VRN-D4. Two additional sets of primers, developed in a previous study (2) , were used to amplify different regions of the VRN-D4 gene. Primers V1A-5PRIME-F1 and V1-INT1R amplified a region including exon 1, whereas primers VA1-3PRIME-F2 and VA1-3PRIME-R3 amplified a region from exon 3 to 6. Even though these primers amplified both VRN-D4 and VRN-A1, mutations were still detectable with the CelI assay. To determine which of the two genes carry the detected mutations, we extracted RNA from the first leaf of selected mutants and sequenced the resulting cDNAs. Since only VRN-D4 is expressed in unvernalized plants during the early stages of development (Fig. S3) , the mutations detected in the cDNAs from the first leaf were assigned to VRN-D4. The potential effect of these mutations on protein structure and function was predicted using programs PROVEAN (3), SIFT (4), and PolyPhen-2 (5). (Table S8) we detected 21 mutations. Ten of these mutations were located in the VRN-D4 coding region, and four of them were predicted to produce amino acid changes. Prediction programs consistently identified mutation E158K in the K-box as having the strongest effect among the mutations detected (Table S1 ). The same prediction programs suggested limited effects for the other three mutations (A180T, D184N and A219T, Table S1 ). Based on these results the last three mutations were discarded and only the E158K mutation was selected for further phenotypic characterization. RNAs were extracted from the first leaf of the E158K mutant line and the presence of the causing mutation in the transcripts was validated by sequencing the corresponding cDNAs.
VRN-D4 specific primers: Using primers TILL-5DS-F1 and TILL-A-DS-R10
VRN-D4
and VRN-A1 specific primers: The screening of the TDF TILLING population with primers V1A-5PRIME-F1 and V1-INT1R yielded 19 mutants, but only 3 of them were mapped within the exon 1 region. Two of these mutations were predicted to generate amino acid changes (E12K and E42K) but, unfortunately, both were located in the VRN-A1 gene.
Primers VA1-3PRIME-F2 and VA1-3PRIME-R3 detected 7 mutants in the exons 3-6 region.
One of these mutations was predicted to produce an amino acid change (E129K) but it was located in the VRN-A1 gene. A second mutation resulted in the loss of the donor splicing site of the fourth exon of VRN-D4. The un-spliced intron sequence is predicted to encode two premature stop codons 8 bp and 17 bp downstream of the induced mutation. The first stop codon is predicted to truncate the protein after position 143. This premature stop codon eliminates 30% of the K-box and more than 40% of the protein and, therefore, will almost certainly result in a nonfunctional protein. To confirm the presence of these premature stop codons in the VRN-D4 transcripts we extracted RNA from the first leaf of unvernalized mutant and wildtype TDF plants. Amplified VRN-D4 cDNAs were cloned using NEB® PCR Cloning Kit (New England Biolabs, USA) and sequenced by Sanger sequencing. The presence of the un-spliced intron and the two predicted stop codons was detected in the sequences of 16 independent clones from the TDF mutant plant. The sequenced transcripts included the diagnostic A367C SNP, confirming that they were encoded by VRN-D4. By contrast, all the sequences from the 22 clones from wildtype TDF used as control showed the correctly spliced transcripts with the A367C natural SNP corresponding to VRN-D4.
Visualization of the effect of VRN-D4 mutations: We selected 268 protein sequences from PROVEAN (provean.jcvi.org) using a BLAST search with the VRN-D4 protein as query. These protein sequences were aligned using MEGA 6 (6) (http://www.megasoftware.net/) and the multiple alignment file was used to generate Figure S8 using the program WebLogo (weblogo.berkeley.edu), in which the size of the letters for the different amino acids are proportional to their frequency in the multiple alignment.
SI Appendix, Method S2. BAC Sequencing and Physical Map
We screened the Minimum Tiling Path (MTP) clones of the 5DS physical map constructed from ditelosomic 5DS stock in Chinese Spring (CS-dt5DS) using three sets of primers for VRN-D4 (Table S8) . The 5DS BAC library was developed by the Institute of Experimental Botany AS CR and the physical map was generated by the International Wheat Genome Sequencing Consortium (IWGSC, www.wheatgenome.org). We identified one BAC (TaeCsp5DShA_0038_M14) that is part of overlapping contigs CTG87 and CTG61 (Table S2) . A total of 12 MTP clones from these two contigs were selected for sequencing. Sequencing libraries were prepared using the KAPA LTP Library Preparation Kit according to manufacturer instructions (KAPA Biosystems, USA) with an average insert size of 250 bp. Four additional libraries were prepared for BACs 9-12 (Table S2) with an average insert size of 400 bp to increase the quality of the assembly in this region. Libraries were barcoded, pooled, and sequenced at the Beijing Genomic Institute (Sacramento, CA, USA) using 100-bp paired-end reads (Illumina Hi Seq2500).
Each BAC was assembled using Abyss v1.5.2 (k=63) and combined libraries with 250 and 400-bp insert sizes to assess library coverage (individual BACs coverage was higher than 100X).
Since extensive overlap existed between adjacent BACs, a better assembly was obtained by analyzing together the Illumina reads from groups of four BACs and performing the assembly with Abyss (k=63). Additional contigs generated from 454 sequencing of the same BACs were used to fill some of the gaps between the Illumina contigs. 454 sequencing was carried out on GS FLX Titanium platform (Roche 454 Life Sciences, Branford, CT, USA) using kits and instructions provided by the manufacturer. The assembled 680-kb sequence was deposited in GenBank (AC270085).
Genes were annotated using the TriAnnot pipeline (7). The resulting assembly was compared using BLAT with the IWGSC sequence of the 5AL chromosome arm (https://urgi.versailles.inra.fr/blast/), with the A genome of T. urartu (8) and with three different Ae. tauschii databases (http://plants.ensembl.org/Aegilops_tauschii/, GCA_000347335.1 (9), http://aegilops.wheat.ucdavis.edu/ATGSP/, (10), and https://urgi.versailles.inra.fr/download/iwgsc/TGAC_WGS_assemblies_of_other_wheat_species, TGAC_WGS_tauschii_v1). Hits were filtered to be larger than 500 bp and more than 99% identical (Fig. 3A) . Results were converted to gff format and visualized using IGV (www.broadinstitute.org/igv/).
SI Appendix, Method S3. Marker for the 5DS/5AL Insertion Site
Based on the comparisons described in the previous section, one of the 5DS/5AL insertion borders was identified 88,344 bp upstream of the start codon of VRN-D4 (henceforth "upstream insertion site", Fig. 3B ). Upstream of this point, the CS-dt5DS sequence was 99.3% identical to Ae. tauschii contig 5265.1, and downstream of this point it was 99.6 % identical to contig IWGSC_5AL_2795346 (chromosome arm 5AL). We designed primers VRND4-ins.F4
(CGTCTACAGAACCAGCTGAC) and VRND4-ins.R3 (GAAAATCAGGGTGTGACAAA) at both sides of this 5DS/5AL insertion point. These primers amplify a 1,440-bp product only in the lines carrying the 5DS/5AL insertion. As a PCR amplification control, we included a second pair of primers that amplifies a gene located in the centromeric region of chromosome arm 5DL (BJ315664) (11) . Primers BJ315664-F (ACTTGCGTTCCATGTTCACACTTGTAGG) and BJ315664-R (GCGCTCCTGGCAGCAGTCTC) amplify a 687-bp product in all lines.
The other border of the 5DS/5AL insertion was identified within a 1. Louis, MO USA). Purified RNase-free proteins GST-TaGRP2 and GST (as control) were used in the binding assays. GST-TaGRP2 was cloned in the pGEX-6P-1 vector, expressed in E. coli, and purified using GST SpinTrap Purification Module (GE Healthcare) (Fig. S9A) . RNAElectrophoretic Mobility Shift Assays (EMSA) were performed according to the LightShift® Chemiluminescent RNA EMSA Kit instructions (Pierce, USA), including 5% DMSO in the binding reaction. To avoid variation in protein quantity between binding reactions, a master mix with GST-TaGRP2 and all the binding components, except RNA probes, was prepared and aliquoted. We also included a pre-incubation step of the free RNA probes for 3 minutes at 80 °C to favor complete denaturation of the RNA structure. Samples were then allowed to re-nature slowly at room temperature before adding to the binding reaction. A separate experiment was performed by transferring the samples from room temperature to 4°C and performing the binding reaction at this temperature to simulate vernalization conditions. Probe sequences are listed in Table S8 . RNA structure for the 27-nt and 34-nt probes and for the larger flanking region sphaerococcum (33 accessions, including the two conflictive accessions from China) ( Table S6) .
A total of 16,371 polymorphic SNP were used to determine the population structure (13), using a model-based method (Bayesian clustering) implemented in STRUCTURE v.2.3.4 (13) . The SNP data for the 100 accessions listed in Table S6 was deposited in the Triticeae Toolbox website (https://triticeaetoolbox.org/wheat/). The number of subpopulations (K) tested varied from 2 to 8.
For each K value 10 runs were repeated separately, starting with a burn-in period of 5,000 iterations, and followed by a sampling phase of 10,000 replicates. To detect the numbers of groups that better fit with the population structure, a plot of the mean likelihood values per K was produce using STRUCTURE HARVESTER v 0.6.93 (14). The kinship matrix was calculated using 16,371 SNPs with the program TASSEL 4.3.10 (www.maizegenetics.net). The heat map graph representing the kinship values was constructed in R (www.r-project.org).
SI Appendix, Method S6. Genetic Diversity
Variability at each locus was determined using the Polymorphism Index Content (PIC) (15) . PIC values were calculated separately for each of the five subspecies.
(where p i is the frequency of the i th allele)
Genetic diversity was estimated using Weir's formula (16) that is equivalent to an average PIC value,
where p is the frequency of the i allele at the l locus and L is the number of loci. PIC values for each subspecies were averaged across genomes (Table S7) , chromosomes ( Table S7 . This ratio is referred to as "standardized genetic diversity". The values from Table S7 cannot be used to compare diversity levels among subspecies because many of the SNPs used in this study were specifically selected for higher minor allele frequencies in T. aestivum ssp. aestivum (17) . These values were calculated only to standardize the average genetic diversity values per chromosome and chromosome region. These studies were performed using a subset of 14,236 SNP for which chromosome locations were available. Table S4 . Geographical location of accessions postulated to carry VRN-D4 in previous studies. The presence of markers for the 5AL/5DS insertion borders, and the RIP-3
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VRN-D4
is indicated by a "+" and its absence by a "-". VRN-A1 copy number variation (CNV) is described in Material and Methods. VRNA1 tandem duplication was detected as the presence/absence of a C/T double peak at the position 349 of the VRN-A1 coding region as described before (23) . TDF, GABO, CS5402 and TDC were included as controls. Name of lines correspond to the previously published studies (24, 25) . Names starting with 'N' correspond to the Institute of Cytology and Genetics (Novosibirsk, Russia). Table S6 . Description of T. aestivum accessions used for the population structure analysis. PI numbers correspond to the Germplasm Resources Information Network (GRIN) identifiers (www.ars-grin.gov/npgs) and 'K' numbers correspond to the Novosibirsk Institute catalog numbers. T. aestivum spring and winter lines were described before (17) . The last two columns indicate the identification numbers used in Fig. 5B and SI Appendix, Fig. S11 Table S8 . PCR primers and RNA-probes used in this study. 
Description
RIP-3-R GATGGGTCATAAGGTTTTGC
RNA-EMSA probes RIP-3 GUCAUUGUUGUUGGUAUGGAUCGUAUG-Biotin
RIP-3
VRN-A1
GUCAUUGUUGUUGGUAUGGACCGUAUG-Biotin
RIP-3
VRN-D4
GUCAUUGUUGUUGGUAUCGACUGUAUG-Biotin
RIP-3L
GUCAUUGUUGUUGGUAUGGAUCGUAUGCCAAAAABiotin RIP-3L
VRN-A1
GUCAUUGUUGUUGGUAUGGACCGUAUGCCAAAAABiotin RIP-3L
VRN-D4
GUCAUUGUUGUUGGUAUCGACUGUAUGCCAAAAABiotin
* Lowercase letter indicates a SNP introduced to increase PCR specificity ** Primers for genomic DNA were design to be VRN-A1 specific 1 , this primers amplifiy both VRN-A1 and VRN-D4 transcripts that are then differentiated by BstNI difgestion.
